Morphological differences and characteristics of population genetic structure and inter-fertility between Amorpha nitens Boynton and A. fruticosa L. in Illinois by Taft, John B.
 
 
 
 
Morphological differences and characteristics of population genetic 
structure and inter-fertility between Amorpha nitens Boynton  
and A. fruticosa L. in Illinois 
 
 
by  
 
 
John B. Taft 
 
 
17 April 2013 
 
 
Illinois Natural History Survey Technical Report 2013(17) 
 
 
Project Title 
Population genetic structure and infertility of Amorpha nitens Boynton  
and A. fuitcosa in Illinois 
 
492495-375013-191100 
 
 
Submitted to: 
Shawnee National Forest 
Hidden Springs/Mississippi Bluffs Ranger District 
602 North 1st Street 
Vienna, IL 62995 
 
 
 
Prairie Research Institute, University of Illinois at Urbana Champaign 
William Shilts, Executive Director 
 
Illinois Natural History Survey 
Brian D. Anderson, Director 
1816 South Oak Street 
Champaign, IL 61820 
217-333-6830 
 
 INTRODUCTION 
General Characteristics 
 Amorpha nitens and A. fruticosa are leguminous shrubs that reach up to 3-m in height 
with alternate pinnately compounds leaves.  The geographic distribution of A. nitens extends in a 
broad arching pattern from Georgia to southern Illinois and southwest to Arkansas.  Amorpha 
fruticosa has a wide distribution, occurring in all but four states.  Amorpha nitens is part of the A. 
fruticosa complex of species that can be difficult to distinguish (Wilbur 1975, Isley 1990).  A 
diagnostic feature of A. nitens is that some plant parts typically become darkened upon drying, 
particularly calyces, pedicels, stipules, and leaves (Wilbur 1975).  The obovate fruit shape with 
bowed abaxial margin and weak pustulate glands also can be distinctive compared with A. 
fruticosa which has fruits that are more falcate and often heavily beset with conspicuous 
pustulate glands.  Leaf pubescence in A. nitens (smooth indigo bush) can vary within populations 
from glabrous to evenly pubescent (Taft 2004).  Leaf pubescence in A. fruticosa tends to be 
evenly distributed and less variable than A. nitens. 
 Habitat descriptions for Amorpha nitens and A fruticosa most frequently indicate lowland 
thickets and bottomland forests often associated with riparian areas or slough or swamp borders. 
Other habitat references for A. nitens include rocky wooded slopes, open riparian prairie, and 
base of loess bluffs.  Field experiments and observations suggest that A. nitens has greater 
growth with intermediate levels of available light and it can persist in shaded conditions 
(Navarette-Tindel et al. 2003), although often in vegetative form under dense shade.  In one 
monitoring study of a naturally occurring population in southern Illinois, most plants were sterile 
from year to year and only a few robust individuals flowered and produced fruits repeatedly; in 
contrast, in greenhouse and outdoor garden experiments, plants are capable of flowering 
annually, including sometimes the first year of growth (Taft 2004). 
 Amorpha fruticosa is common in much of its range.  Although Amorpha nitens has a 
broad distribution, it is poorly known and appears to be scarce in many states within its range.  
Amorpha nitens is listed as endangered in Illinois (IESPB 2011) and is included on lists of 
species of special concern, rare plant species, and rare, threatened, or endangered species in 
Georgia, Louisiana, and Alabama, respectively.  Amorpha nitens also is on the list of Regional 
Forester Sensitive Species for the Shawnee National Forest (USDA 1991).   
  There is a need to more closely examine differences between A. nitens and A. fruticosa.  
This study includes comparison of characteristics of morphology, population genetics, and inter-
fertility between the taxa based on populations of both species in southern Illinois. 
 
Morphology 
 Amorpha fruticosa can be taller than A. nitens; however, there is wide variation among 
mature individuals of both species.  In this study, plant height of both species is compared 
following germination and eight months growth in a greenhouse.  Fruit shape and size differ, but 
there is variation among populations; consequently, seed length between species is examined as a 
distinguishing characteristic.  Leaf shape may be a reliable character and is compared among 
greenhouse-grown plants of both taxa and their hybrid.  Difference in leaf pubescence between 
the taxa also is compared.   
 
Population Genetics and Interfertility 
 Population genetic analyses can determine the levels of genetic variation maintained in 
species, and also can be used to determine the degree of relatedness between species and whether 
hybridization has occurred (Weeden and Wendel 1989).  Genetic analyses can be combined with 
hand pollinations to further substantiate the potential for hybridization in the wild.  This 
information can be invaluable for assessing population viability and management options for rare 
species.   
 The most efficient, inexpensive, and non-destructive method for assessing the levels of 
genetic variation within and among populations or species can be done using horizontal starch 
gel electrophoresis to examine variation in isozymes among selected alleles.  Isozymes are 
enzymes from different genes that catalyze the same reaction.  To apply this method, individuals 
were sampled from each of the known populations of the rare A. nitens as well as seven southern 
Illinois populations of A. fruticosa to address the following questions: 
 
1.  What are the levels and distribution of genetic variation in A. nitens in Illinois, and how does 
it compare to sympatric populations of A. fruticosa? 
 Plant species that are rare or have limited geographical distributions in some cases have 
 been found to have reduced levels of genetic variation compared to more widespread congeners 
(Hamrick and Godt 1989); however, rare species do not always have low levels of genetic 
variation (Gitendanner and Soltis 2000).  Where found, low levels of genetic variation may be 
caused by genetic bottlenecks, which can increase the risk of inbreeding depression and species 
extinction.  In this study, the levels and distribution of genetic variation at the population and 
species-level for A. nitens and A. fruticosa were compared.  Based on geograhical ranges alone, 
it is expected that A. nitens would have lower levels of variation than A. fruticosa. 
 
2.  What is the relationship between A. nitens and A. fruticosa? 
 In the most recent monograph of the genus Amorpha, Wilbur (1975) noted that species in 
the A. fruticosa complex, including A. nitens, can be difficult to distinguish.  Considerable 
variation in characters can be observed when specimens are examined throughout their 
sometimes overlapping geographical ranges.  In Tennessee, A. nitens has been considered 
synonymous with the widespread, common and highly variable A. fruticosa (Chester et al. 1997, 
Wofford and Chester 2002); however, no other classification, flora, or monograph of the genus 
takes this approach (e.g., Fernald 1950, Wilbur 1975, Gleason and Cronquist 1991, Kartesz 
1999) despite occasional difficulty in species determination.  Environmental plasticity is 
assumed to be responsible for part of the variation among populations of several taxa; seasonal 
variation for plants in the A. fruticosa complex further complicates species determinations, with 
early season plants possessing characteristics of one species while characteristics for another 
emerge later in the season (Wilbur 1975).  If A. nitens is merely a closely related derivative 
species of A. fruticosa, we would expect A. nitens overall to contain a subset of the genetic 
variation in A. fruticosa.  Alternatively, if the two species have hybridized, we would expect 
some individuals to contain alleles from both species at some loci that are otherwise fixed for 
one species or the other. 
  
3.  Are A. nitens and A. fruticosa inter-fertile, and if so, can they produce viable seedlings? 
 Hybridization can influence the integrity of species.  A method for determining the 
potential for hybridization between these species is to conduct hand pollinations.  Hand 
pollinations also can be used to determine the species breeding systems. To test inter-fertility, 
 crosses were attempted between individuals within the same population, different populations of 
the same species, and between the two species.  These hand pollinations should help determine 
whether plants are self-compatible, whether there are differences in cross-compatibility within 
species, and whether the two species themselves are cross-compatible.   
 
RESEARCH SIGNIFICANCE 
 Systematic research is needed to determine whether molecular data support maintaining 
A. nitens at the specific rank.  Work is needed to understand the relationship between A. nitens 
and A. fruticosa and whether hybridization occurs.  Very little is known about the reproductive 
biology of Amorpha nitens.  These study results increase understanding of the taxonomic status 
and population viability of A. nitens, but because sample populations are from a limited 
geographic range (southern Illinois), a broader study likely will be needed to gain a fuller 
understand the taxonomic validity of A. nitens. 
 
MATERIALS AND METHODS: 
Morphological Study 
 Materials for isozyme analysis and morphological study were derived from leaves and 
seeds taken from native populations in southern Illinois (Figure 1, Table 1).  Seeds were 
germinated in greenhouse facilities at the Illinois Natural History Survey and plants were grown 
to obtain reproductive flowering material for planned crosses.  Statistical analyses for the 
following morphological measures involved means comparisons (analysis of variance) and were 
carried out using IBM SPSS Statistics v. 21.  Principal components analysis was used to 
graphically examine differences among taxa in leaf morphology (CANOCO 4.5). 
 
Leaflet measurements - Leaflet measurements were made from greenhouse-grown plants.  For 
measurements, middle leaves were selected from both species.  Leaflets used for measurements 
were taken from the middle 4 to 6 leaflets on each leaf.  Measurements include 3 leaves from 
each individual plant and 4-6 leaflets from each leaf.  Measurements from these 12-18 leaflets 
were averaged for all comparisons.  Measurements included maximum width (mm) and length 
(mm) of the lamina not including petiolule.  Also, pubescence on both abaxial (bottom) and 
 adaxial (top) surfaces were scored on a 1-5 scale (smooth to densely pubescent). 
 
Seed measurements - Seeds were removed from capsules of both species and total length was 
measured (mm).  Seeds for A. nitens were from wild-collected populations and two plants in 
cultivation (10 from each population).  Seeds for A. fruticosa were derived from a hybrid cross 
between A. fruticosa (carpellate plant) and A. nitens (staminate contributor), an intra-species 
cross (A. fruticosa x A. fruticosa), and a natural population of A. fruticosa. 
 
Growth comparison - Total height growth of plants grown from seed in greenhouse environment 
were compared after one growing season.  Plants were germinated on 22 February 2007 and 
measurements were taken when the plants were senescent on 7 November 2007.  There were 53 
A. fruticosa and 62 individuals of A. nitens examined following 8.5 months of greenhouse 
growth from the time of planting.  Germination required about 2 weeks, so total height growth 
follows individuals for 8 months.  Seed predation reduced the total number of A. fruticosa 
populations represented in both morphological assessments from seven to two.   
 
Analysis of Population Genetic Structure and Inter-fertility 
Horizontal Starch Gel Electrophoresis - One to two fresh leaves were collected from up to 48 
plants sampled in each population.  Leaf collections for A. nitens were made on 14 June, 6 July, 
and 17 August 2005 and leaf collections of A. fruticosa were made on 17-18 August 2005.  
Leaves were transported on ice to the Illinois Natural History Survey.  Protocols for tissue 
processing and genetic analyses followed Edwards and Sharitz (2000). Isozymes examined were:  
 
isocitrate dehydrogenase (IDH) 
6-phosphoguconate (PGD)  
phosphoglucomutase (PGM)  
phosphglucoisomerase (PGI)  
triose-phosphate isomerase (TPI)  
glutimate oxaloacetate transaminase (GOT)  
fructose 1,6 biphosphatase (FBP)  
maleate dehydrogenase (MDH)  
menadione reductase (MNR)  
6-phosphoguconate (PGD) 
 
Statistics used to describe genetic structure (Nei 1973, 1977), averaged across loci, were: 
Fis = index of degree of heterozygocity; ranges from -1 (all heterozygous individuals) to +1 (no 
 heterozygotes]. 
 
Fit = An overall fixation index. This is the mean reduction in heterozygosity of an individual 
relative to the total population. 
 
Fst = index of genetic differentiation, a measure of variance in allele frequencies and probability 
of descent (Weir and Cockerham 1984, Willing et al. 2012). 
 
Nm = gene flow estimate from Fst.  Calculated as 0.25 (1-Fst)/Fst). 
 
A dendrogram, based on Nei’s (1978) genetic distance, was produced to examine differences 
among species and populations.   Ordination scatterplots based on non-metric multidimensional 
scaling (NMDS) was used to graphically examine relationships among taxa and populations (PC-
ORD 5.0).  NMDS was used for its independence from species response models and optimal 
graphical representation of community or population relationships (McCune and Grace 2002).  
 
Cross compatibility of A. nitens and A. fruticosa - To determine whether these Amorpha species 
are inter-fertile, hand pollination crosses were made between A. nitens and A. fruticosa and 
between individuals of A. fruticosa.  However, there were limited opportunities to carry out the 
planned crosses.  Simultaneous flowering did not occur in the greenhouse over several years of 
efforts.  Adding to the challenges in this part of the study, loss of the entire A. nitens collection 
grown in the INHS greenhouse occurred twice during the span of this study.  The first occasion, 
in 2006, occurred when all plants were discarded by the greenhouse manager who mistakenly 
believed the study was completed.  A new crop was established but lost again in 2008 following 
an attempt to provide a cold treatment during dormancy by setting potted plants outside in a 
protected area during a portion of the winter resulting in 100% mortality for A. nitens and 50% 
mortality for A. fruticosa.  A third population was established in 2009 but flowering has yet to 
occur.   
 A cross was made between one individual of A. nitens established in a private garden in 
Champaign County, derived from one of the study populations in Pope County (BGPC 146b, 
staminate contributor), and an individual of A. fruticosa (Rosiclare population) that was grown in 
 the INHS greenhouse.  The cross was made by emasculating the A. fruticosa plant by clipping 
stamens prior to anthesis and by making contact between anthers on a cut branch of the staminate 
contributor (A. nitens) to emasculated flowers of A. fruticosa in the INHS greenhouse.  Seeds 
produced from this interspecies cross were germinated and still survive but have yet to flower.  
They have been planted in a private garden for continued monitoring. 
 
RESULTS 
Morphology 
Plant Height - After 8 months of growth, A. fruticosa plants were 121.3 cm (± 2.1) compared to 
61.4 cm (± 2.6) for A. nitens, and 74.6 cm (± 4.0) for a putative hybrid (Golconda) population 
(Figure 2).  The overall means differences were significant when considering individual plants as 
independent replicates (ANOVA F = 158, df = 2, 112, P < 0.00001); all pairwise comparisons 
(Tukey post-hoc test) also were significantly different.  Paired differences between A. nitens and 
A. fruticosa also were significant when treating source plants (parent plants within populations) 
as the replicate (t-stat 12.62, df = 14, P < 0.00001).  Even considering each population as the 
replicate, with only two A. fruticosa populations available (due to seed predation in five other 
populations), yielded significant species differences (t stat 12.2, P = 0.001). 
 
Seed Length – Mean seed length was 3.67 mm (± .03) for A. nitens, 4.13 mm (± 0.06) for A. 
fruticosa, and 3.18 mm (± .04) for a putative hybrid.  The overall means differences were 
significant (Welch's F = 97.7, df 2, 36, P < 0.00001); all pairwise comparisons (post-hoc tests) also 
were significantly different (Figure 3).   
 
Leaflet Morphology - Leaflet morphology differed overall among A. fruticosa, A. nitens, and A. 
fruticosa x A. nitens (e.g., Wilks’ Lambda multivariate F = 6.68, p < 0.00001) and differences 
were found for leaflet width, width:length ratio, pubescence on both the adaxial and abaxial 
surfaces (Table 2).  Only leaflet length did not differ among the taxa.  Differences were mainly 
between A. fruticosa and A. nitens; hybrid leaflets mostly were undistinguished from A. fruticosa 
(Figure 4).  In material examined in this study, leaflets of A. nitens averaged 1.98 times as long 
as wide, A. fruticosa averaged 3.03 times as long as wide, and hybrid material was intermediate, 
 averaging 2.72 times as long as wide.  A Principal Components Analysis biplot, with 100% of 
the variance in leaflet morphology among the three taxa explained in four PCA axes, underscores 
the discrete differences in leaflet characteristics between species (Figure 5).  
 
Genetic Structure 
Electrophoresis Results - Three main questions were posed with regard to genetic structure and 
the relationship between Amorpha fruticosa and A. nitens: 
1.  What are the levels and distribution of genetic variation in A. nitens in Illinois, and how does 
it compare to sympatric populations of A. fruticosa? 
2.  What is the relationship between A. nitens and A. fruticosa? 
3.  Are A. nitens and A. fruticosa inter-fertile, and if so, can they produce viable seedlings? 
 
 There is a high degree of heterozygocity in the overall samples (Fis = 0.034), a low level 
of gene flow among populations (Nm = 0.352), and greater genetic variation within populations 
(58%) than between (42%) (Fst = 0.415).  A dendrogram based on genetic distance between 
populations (Figure 6) indicates most populations for A. nitens cluster together and most 
populations for A. fruticosa cluster together; however, there are some exceptions.  Pruning the 
dendrogram at an intermediate level yields fine-scale clusters that are more genetically similar, 
while branching patterns at the root of the dendrogram identify groups that are more genetically 
dissimilar.  However, the overall branch lengths for all populations are relatively short and 
provide incomplete support to recognize multiple species.  Based on the finer-scale patterns of 
the dendrogram, the Golconda population perceived as intermediate based on morphological 
characters forms a group with other A. nitens populations (Hill and BGPC 146B); however, these 
are more genetically similar, based on the isozymes examined, to A. fruticosa populations (but 
morphologically more similar to A. nitens).  SOX 1, another population with morphological 
characteristics intermediate between A. nitens and A. fruticosa, forms an association with COB 
(A. fruticosa).  SOX 2, nearby SOX 1, forms a cluster with populations of A. fruticosa (SEL, 
EOL1, Tower Rock).  These patterns suggest that both SOX populations are genetically more 
similar to A. fruticosa than to A. nitens. 
 An non-metric multidimensional scaling (NMDS) scatterplot of population isozyme 
 means with a recommended 3-dimensional solution accounting for 94% of the total variance 
shows separation of most populations by species (Figure 7).  Two Amorpha nitens populations 
and one of the suspected hybrids that were clustered with A. fruticosa in the dendrogram (Figure 
6 – Hill, BGPC146b, and Golconda) are from widespread localities (Figure 1); however, they are 
distinguished from A. fruticosa only on the third axis, along with SOX 2 (another possible 
hybrid), but have unique alleles coding for enzyme pgm2 (Figure 7).   
 The wide genetic variation within populations and among taxa is reflected in a NMDS 
scatterplot of the complete isozyme sample data (Figure 8).  A. fruticosa is distinguished from A. 
nitens primarily on the second ordination axis, which explains less variance (16%) than Axes 1 
and 3 (46% and 26%, respectively).  Putative hybrid sample data (Golconda, SOX 1 and SOX 2) 
are widely scattered in the ordination but the majority of samples associate most closely with A. 
nitens (Figure 8).  These results suggest population samples for A. nitens and A. fruticosa, and 
populations with intermediate morphological traits, share some isozyme loci, suggesting a close 
relationship, but also demonstrate genetic variability.  Variance in ordination plot scores is 
slightly greater for A. nitens compared to A. fruticosa and both have greater variance than 
suspected hybrid populations.   
 A NMDS scatterplot of the isozyme electrophoresis data coding for individual 
populations illustrates which populations are most variable (Figure 9).  While some populations 
from A. nitens and A. fruticosa are segregated in the ordination, samples from each population 
and species intermix, particularly populations that might contain both taxa (E47E and LMCA).   
Voucher fruiting specimens at E47E and LMCA are A. fruticosa; however, vegetative leaf 
samples at both populations used for isozyme electrophoresis could have included some material 
referable to A. nitens.   
 
Inter-fertility - One cross between A. fruticosa (carpellate plant from Rosiclare, IL population) 
and A. nitens (staminate contributor) yielded 11 fertile fruits and several infertile fruits.  A 
second cross was attempted using A. fruticosa from the Tower Rock population, but there was no 
fertility among 34 fruits.  Seven seeds germinated from the successful A. fruticosa and A. nitens 
cross but have yet to mature to the flowering stage.  Material from these hybrid plants was the 
source for the hybrid leaflet morphology and seed length explored in the previous section. 
 DISCUSSION 
Morphology  
 Amorpha fruticosa is a highly polymorphic species and no correlation has been made 
between observed morphological variation, recognized by numerous described variants (e.g., 
Steyermark 1963, Isley 1990), and habitats (Wilbur 1975).  Consequently, distinguishing species 
that have been recognized as part of the A. fruticosa complex from the highly variable A. 
fruticosa can be difficult. The challenge in distinguishing some specimens of Amorpha in the A. 
fruiticosa complex (including A. nitens, A. glabra, and A. ouachitensis) from A. fruticosa has 
been attributed to failure to yet identify reliable differentiating characters while the possibility of 
hybridization as causation has been downplayed (Isley 1986).  The key feature distinguishing A. 
nitens from other taxa in the A. fruticosa complex has been described as the darkening upon 
drying of some plant parts, particularly leaflets, petioles, petiolules, pedicels, and the calyx 
(Wilbur 1975).  However, the darkening characteristic does not always develop among 
specimens in a population.  This may be due to differences in drying rates, as suggested by Dr. 
Gary Tucker (pers. comm.), or other factors yet to be determined.  
 In this study, morphological features that appear effective at distinguishing taxa in study 
material have been highlighted.  However, the polymorphic characteristics of A. fruticosa 
suggest that throughout its range will be found specimens that cannot be consistently 
distinguished from a taxon such as A. nitens by these characteristics alone.  Nevertheless, our 
findings suggest that total height growth after 8 months in the greenhouse, degree of leaflet 
pubescence, leaflet width and the length:width ratio, and seed length can be used, in addition to 
darkening upon drying, as characters useful in distinguishing these taxa. 
 Perhaps the most reliable but least helpful character for distinguishing A. fruticosa and A. 
nitens is total height growth under controlled conditions after one growing season.  The doubling 
of height growth for A. fruticosa compared to A. nitens in our study was without inoculation.  
Available light levels and whether plants were inoculated influenced biomass production of A. 
nitens A. fruticosa, and A. canescens (Navarette-Tindall et al. 2003).  Maximum height growth 
for both taxa, reported in Wilbur (1975) to range from 1-3 m (A. nitens) to 2-3 (4) m (A. 
fruticosa), suggests final plant height cannot be used to distinguish the taxa. 
 Seed length ranges from 3.5-4.5 mm for A. fruticosa and from 3.0-4.2 mm for A. nitens 
 (Wilbur 1975).  However, material examined in this study suggests seed length may provide an 
additional characteristic for distinguishing A. nitens from A. fruticosa.  Seed length greater than 
4.2 mm would suggest A. fruticosa while seeds less than 3.5 mm would suggest A. nitens.   
 Amorpha nitens (smooth false indigo) has been distinguished in part by having glabrous 
or nearly glabrous leaflets (Mohlenbrock 2002).  The differences in leaflet pubescence among 
specimens in this study support this characteristic as helpful in separating the taxa.  However, 
close examination indicates pubescence often is present on A. nitens but to a lesser extent than A. 
fruticosa.  Completely glabrous individuals of the smooth false indigo may not occur throughout 
populations.  The differences between A. nitens and A. fruticosa in the degree of pubescence on 
both the abaxial and adaxial leaflet surfaces were to a similar degree.  Leaflet pubescence on the 
adaxial surface of hybrid material (greenhouse cross) was intermediate between the two parent 
taxa whereas there was no difference on the abaxial surface between the hybrid and A. fruticosa.   
 Differences in leaflet shape have been noted between A. fruticosa and A. nitens (Wilbur 
1975); however, the finding in this study that the length:width ratio may be a reliable 
characteristic has not previously been reported.  However, again, wide variation in A. fruticosa 
may result in some overlap in this character if material from throughout its range is examined.  
For example, Wilbur (1975) notes that leaflets of A. nitens can range from 1.5 to 2.5 as long a 
wide while A. fruticosa can range from 2-3, or up to 6 times, as long as wide.  In the southern 
Illinois material examined in this study, leaflet length:width was 50% greater for A. fruticosa 
compared to A. niten (3 times vs. 2 times as long as wide) with hybrid material intermediate 
between the two parents. 
  
Genetic Variability Based on Isozyme Electrophoresis 
 All Amorpha species have chromosome numbers of x = 10 and there is very little 
sequence divergence among species; similar genetic make-up has been found even among 
apparently widely separated species (McMahon and Hufford 2004).  The high degree of genetic 
differentiation within southern Illinois study populations is probably due to the detected low 
level of gene flow among populations.  The wide genetic variation among individuals within 
some populations could be maintained by variable flowering of individuals within populations.  
In one population monitored for several years considered A. nitens based on morphological 
 features (BGPC146b), most plants flowered irregularly from year to year increasing the 
probability of variable mating patterns that could maintain genetic differentiation within 
populations.   
 Both the cluster dendrogram and ordination scatterplots produced from study population 
isozyme sample data illustrate some segregation among taxa; however, there is overlap among 
samples indicating some shared isozyme loci which could indicate either similar recent ancestry 
or hybridization.  The close relationship between A. fruticosa and A. nitens and proximity of 
some populations suggests both are possible.  The wide genetic variability and differentiation 
among A. nitens was surprising and suggests it may not represent recent ancestry possessing a 
subset of A. fruticosa genetic variation, at least with regard to the regional population of A. 
fruticosa sampled in this study.  With regard to hybridization, although the low level of gene 
flow detected in the Nm statistic suggests most populations are somewhat insular, populations 
that appear intermediate between A. nitens and A. fruticosa were found at Golconda and SOX 
locations.  The Golconda population, in fine-scale clustering, is genetically more similar to other 
populations recognized, based on morphological features, as A. nitens.  However, at the root of 
the dendrogram, this cluster and the SOX populations (considered A. nitens by M. Bassinger) are 
more broadly linked, based on the isozyme data, to A. fruticosa.  Both of these populations occur 
very near the Ohio River where A. fruticosa is locally common and may indicate some gene 
exchange between species, particularly at these locations.  Two other populations seem to have 
wide variation with regard to isozymes.  LMCA and E47E may include individuals of both 
species.  The fruiting material observed at LMCA and E47E was A. fruticosa; however, it cannot 
be ruled out that some vegetative material in the populations examined with isozyme 
electrophoresis could have included A. nitens.  A. nitens was reported as possibly occurring at 
both sites by John Schwegman and Mark Bassinger, respectively.   
 
Inter-fertility 
 Hybrids are known among taxa in the genus Amorpha.  For example, Palmer (1953) 
described a hybrid between A. fruticosa and A. canescens.  The successful fertile cross between 
A. fruticosa and A. nitens and the observation of intermediate material in the field, found in the 
same region as populations of A. nitens and A. fruticosa, together with results from isozyme 
 analysis, suggest that hybridization is a possible factor explaining some of the difficulty in 
making positive determinations for some individuals in these taxa.   
 
SUMMARY 
 There are morphological traits that appear to be reliable indicators for Amorpha nitens 
and A. fruticosa although intermediate forms can be found, particularly near the Ohio River 
where A. fruticosa can be locally common along the riverbank.  Dried specimens of A. nitens 
have a distinctive darkening of leaflets and particularly petiolules, stipulules, calyces, pedicels, 
and fruits; darkening is absent on A. fruticosa specimens.  A. nitens typically has an obovate fruit 
shape with bowed abaxial margin and weak pustulate glands; A. fruticosa has fruits that are more 
falcate and often heavily beset with conspicuous pustulate glands.  First year plant height under 
controlled greenhouse conditions was nearly double for A. fruticosa compared to A. nitens.  
Average seed length was shorter for A. nitens compared to A. fruticosa.  A. nitens is 
characterized by leaflets with a 2:1 length-to-width ratio compared to A. fruticosa with a 3:1 
ratio.  Leaflet pubescence is variable for A. nitens and generally greater on both abaxial and 
adaxial surfaces among A. fruticosa leaflets.   
 The absence of complete reproductive barriers between A. fruticosa and A. nitens indicate 
that the taxa are capable of having ongoing gene flow.  The similar habitats for some populations 
of A. fruticosa and A. nitens and overlapping distribution suggests that these taxa can come into 
close enough contact for genetic exchanges to occur, although evidence from sample data 
suggests limited gene flow perhaps due to recent isolation among populations resulting from 
habitat fragmentation.  The wide genetic variation within populations and species was surprising 
and contrary to assumptions of recently ancestry for A. nitens.  However, there appear to be 
shared isozyme loci between the taxa.  This incomplete molecular differentiation (for markers so 
far examined) and range of genetic diversity among species suggest that past hybridization may 
be an important factor and/or that the taxa represent varieties of the same species.  The results of 
morphological analyses appear to support recognition of two taxa.  Further study involving 
additional analyses, particularly of microsatellite data and morphological assessments of material 
from elsewhere throughout their ranges,  is needed to form a more certain determination of 
whether A. nites and A. fruticosa are best treated as two species or varieties of the same species. 
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Figure 2.  Difference in height growth between greenhouse-grown individuals of Amorpha nitens, A. 
fruticosa,  and a putative hybrid population (Golconda) after 8 months.  Mean comparison test (ANOVA) 
indicated the difference was statistically significant.  Letter differences indicate that all pairwise 
comparisons in a Tukey post-hoc test also were significantly different.
F = 158, df = 2, 112, P < 0.00001 
a 
b 
c 
Figure 3.  Difference in seed length between populations of Amorpha nitens, A. fruticosa, and a 
putative hybrid from southern Illinois.  Different letters indicate significant pairwise post-hoc 
comparisons.  Welch's F is an adjustment for asymptotically distributed F values when 
homogeneity of variance test (Levene's test) indicates significant differences.
Welch's F = 97.7, df 2, 36, P < 0.00001 
a 
b 
c 
Figure 4.  Bar charts of analysis of variance test results showing mean differences for leaflet width, leaflet length, leaflet length:width 
ratio, and pubescence on the each leaflet surface.  Tukey post-hoc tests results are shown: different letters indicate statistically significant 
differences.  Where no letters are shown, there were no differences in analysis of variance..
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Figure 5.  Principal Components Analysis biplot illustrating differences among Amorpha  taxa in selected 
morphological characteristics of leaflets.  99% of the variance explained in the ordination is found on Axes 1 and 2 
and leaf length and leaf width explain the most variance in the ordination on the first two axes.
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Figure 6.  Dendrogram showing hierarchical classification of populations of Amorpha nitens  and A. fruticosa  coded by species.  Open 
circles = A. nitens , closed squares = A. fruticosa , diamonds = putative hybrids. Dendrogram is based on Nei's (1978) genetic distance 
method. For reference scale, the finest-scale branch length for SCAP is about 1 genetic distance unit.  The dashed line is suggested as 
a framework for identifying taxa with the greatest genetic similarity.
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Figure 7.  NMDS scatterplot based on Sørensen distance measure of Amorpha  population means from isozyme electrophoresis using leaflet tissue; scaling based on percent of maximum.  Final stress for 3-diminsional 
solution = 6.8 after 37 iterations; 54% of variance accounted for on Axis 1, 22% on Axis 2, and 18% on Axis 3.  See Table 1 for key to population site codes and Methods for key to isozyme codes.  Open circles = Amorpha 
nitens , solid squares = A. fruticosa , diamonds = putative A. nitens  x A. fruticosa hybrids.  Shown are presentations in 2-D and 3-D, the latter to visualize the simultaneous differences for all taxa among all axes. 
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Figure 8.  NMDS scatterplot based on Sørensen distance measure of Amorpha  population individual sample data from isozyme electrophoresis using 
leaflet tissue; scaling based on percent of maximum.  Final stress for 3-diminsional solution = 15.5 after 100 iterations; 46% of variance accounted 
for on Axis 1, 16.3% on Axis 2, and 25.6% on Axis 3.  Open circles = Amorpha nitens , solid squares = A. fruticosa , diamonds = putative A. nitens  x 
A . fruticosa  hybrids.  Shown are presentations in 2-D and 3-D, the latter to visualize the simultaneous differences for all taxa among all axes. 
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Figure 9.  NMDS scatterplot based on Sørensen distance measure of Amorpha  population individual sample data coding for individual populations.  Data from isozyme electrophoresis 
using leaflet tissue; scaling based on percent of maximum.  Final stress for 3-diminsional solution = 16.2 after 100 iterations; 31% of variance accounted for on Axis 1, 32.6% on Axis 2, 
and 22.9% on Axis 3.  Open circles = Amorpha nitens , solid squares = A. fruticosa , diamonds = putative A. nitens  x A . fruticosa  hybrids, triangle = possible combined populations of A. 
fruticosa  and A. nitens .  Shown are presentations in 2-D and 3-D, the latter to visualize the simultaneous differences for all taxa among all axes. 
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Table 1.  Geographic coordinates, species, site name, and habitat for each population examined in the leaf isozyme analysis.
X Y Species Site name Site Code
Population 
Size Habitat
-89.273130 37.142130 Amorpha nitens Hill Hill 60 low terrace forest adjacent to shrub swamp
-88.443640 37.432370 Amorpha nitens Perry Glade PG 51
glade at interface between SS and LS; 
mostly on LS
-88.447560 37.434630 Amorpha nitens Simmons Creek powerline SCAP 12
high terrace along creek, tributary to Big 
Grand Pierre Cr
-88.436680 37.440410 Amorpha nitens Horseshoe Lake HL 18 terrace bordering backwater lake
-88.433870 37.445770 Amorpha nitens E47W E47W 37 regrowth terrace forest
-88.432130 37.458340 Amorpha nitens BGPC 146a BGPC 146a 36
mesic floodplain forest adj to mesic 
flatwoods
-88.434540 37.457190 Amorpha nitens BGPC 146b BGPC 146b 18 mesic flatwoods, submature
-88.409430 37.697550 Amorpha nitens Cave Hill RNA CHRNA 21
roadside border of high dissected terrace 
forest adj to floodplain
-88.860000 37.273750 Amorpha cf. frutisoca Lake Mermet LMCC
large, 
scattered* Coastal Plain flatwoods
-88.345570 37.415840 Amorpha fruticosa Rosiclare Rosiclare 50+
bank of Ohio River just W of Rosiclare in 
rubble of SS
-88.428420 37.454940 Amorpha fruticosa E47E E47E 14 open coatal plain flatwoods
-88.228810 37.457680 Amorpha fruticosa Tower Rock Tower Rock > 100 shore of Ohio River in rubble of SS, LS
-88.094990 37.484560 Amorpha fruticosa SE of Lamb SEL 60 roadside adj to old field and ditch
-88.561670 37.466530 Amorpha fruticosa Copperus Branch COB 11 rocky creekbed
-88.086110 37.534070 Amorpha fruticosa E of Lamb EOL1 15 SS outcrop on bank of Ohio River
-88.484230 37.372410
Amorpha  nitens x A. 
fruticosa Golconda Golconda 75 edge of d-m upland forest
-88.445820 37.426490
Amorpha nitens x A. 
fruticosa Simmons Oxbow SOX 90 on bank of oxbow lake of Simmons Creek
* both A. fruticosa and A. nitens may be in the population
Multivariate Test  Statistics
Statistic                      Value df F-Statistic Prob
Wilks' Lambda               0.1998 10, 54 6.68 < 0.00001
Pillai Trace               0.9202 10, 56 4.77 0.000061
Hotelling-Lawley Trace     3.4054 10, 52 8.85 < 0.00001
Univariate F Tests
Source SS MS df F-Statistic Prob
Leaflet Width 284.91 142.45 2 23.35 < 0.00001
Error 189.12 6.10 31
Leaflet Length 134.76 67.38 2 1.27 0.29610
Error 1649.69 53.22 31
Length:Width 0.22 0.11 2 15.31 0.00002
Error 0.23 0.01 31
Pubescence (adaxial) 5.07 2.53 2 7.52 0.00217
Error 10.44 0.34 31
Pubescence (abaxial) 4.80 2.40 2 7.56 0.00212
Error 9.85 0.32 31
Table 2.  Results from multivariate and univariate Analysis of Variance comparing 
leaflet morphology (shape and pubescence) among Amorpha nitens, A. fruticosa , and 
A. nitens  x A. fruticosa hybrid.
